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;^e Fluid Mechamcs Acoustics Laboratory (FM&AL) was established dt Hampton University in June of 1996 
The initiation of this lateratory was made possible by NASA grant NAG-I-I835, FAR Award, 1996-99 for which this 

Ihhv ‘’y NAG-1-1936. FY 1997 Partnership Awari 1997-00 In 

^dition, the FM&AL jointly conducted research with the Central AeroHydrodynamics Institute (TsAGI Moscow) in 
Rusaa under a 2.5 year Civilian Research and Development Foundation (CRDF) grant #RE2-136, 1996-99. The coals 
of the FM&AL pro^ams are twofold: 1) to improve the working efficiency of the FM&AL team in generating new 
innovative ide^ and in conducting research in the field of fluid dynamics and acoustics, basically for improvement of 
subsonic and subsonic aircraft engines, and 2) to attract promising minority students to this research and training 
^m cooperation with other TO d^a^ents, to teach them basic knowledge in Aerodynamics, Gas Dynamics and 
Experiment^ Methods m Aeroacoustics and Computational Fluid Dynamics (CFD). The research at 
the FM&^ s^ports reduction schemes associated with the emission of engine pollutants for commercial aircraft and 
wncephi for reduction of observables for military aircraft. These research endeavors relate to the goals of the NASA 
Strategic Ente^nse m Aeronautics concerning the development of environmentally acceptable aircraft It is in this 
prwite arei^ w^re the US aircraft industry, academia, and Government are in great need of trained professionals and 
winch IS a high pnonty goal of the Minority University Research and Education (MUREP) Program that the TO 
FM&AL can make its most important contribution. 

This project already benefits NASA and TO because; 

First, the innovation, testing, and further development of new techniques for advanced propulsion systems are 
necessary for the successful attainment of the NASA Long Term Goals b Aeronautics and Space Transportation 
ec oogy (ASTT) mcluding Global Civil Aviation, Revolutionary Technology Leaps, Access to Space R&D 
Services, and the economic competitiveness of the US Aircraft Industry in the 21st century. 

Secondly, the Joint theoretical and experimental research and training by the GRC-HU Teams aids using advanced 
methods and ecpenence in Awospace Engineering for domestic industries and training of TO students for interesting 
innovative woik in the numencal simulation field as well as engineering and experimental research. TO students use 
and rnodify existing numencal codes for the solution of actual applied problems of the NASA Langley Research Center 

The ™in aeWevements for the reporting period in the development of concepts for noise reduction and improvement 
in efficiency for jet exhaust nozzles for aircraft engines are as follows: 

^*-2260 [2], #98-2261[3], and #99-1924 [4] have been presented 
at the 2 ,4 and 5th AIAA/CEAS Aeroacoustics Conferences respectively. A paper [5] was published in the AIAA 
Journal m Mar^ 1997, a paper [6] was published in the Proceedings of the 136th Meeting of the Acoustical Society 

of^enca m October, 1998, and a paper on an invention [7] was published in the NASA Technical Briefs in June 
1996. ’ 


2) Patents and Inventions: Two patents were granted on July 20, 1999 [8], and January 12, 2000 [91 and three 

pf^resTfllld 3)"* accepted and awarded with NASA Certificates of Recognition (for ei^ple, see 

3) Reports/presentations without publications: Twenty-two reports have been presented at NASA LaRC GRC and 
Hampton Umversity. These include 12 reports at the Workshop/Seminar: “NASA Langley Research Center- Hampton 
University Partnership in Fluid Mechanics and Acoustics” on May 15-16, 1997, at Hampton University. This 
workshop included participation of TO students, leading scientists and professors from NASA LaRC Hampton 
Univeraty and TsAGI, a) Drs. Dennis M. Bushnell, John M. Seiner. Jay C. Hardin. Kenneth S Brentner, Douglas M. 

^ Plotnikov (NASA LaRC), b) Profs; Vladimir M. Kouznetsov, Boris M. Efimtsov, Victor F Kopiev 
(TsAGI). Aron S. Ginevsky; c) Profs; Mikhail Gilinsky, Abol. G. Miamee. Alkesh Punjabi, Frank P. Kozusko. and 
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others 5 repom have bwn presented at the Acoustics Seminars in the TsAGI. Moscow, on November 17-22 1997 
dunng a visit of the US Team members to Russia (Drs. M. Gilinsky and J M Seiner). 

^ proposals were submitted by the FM&AL members for NASA programs 5 
for the CRDF, one for the AFOSR, and one for the NSF. A NASA Partnership Award for the project: “MtxinfWoise 
and T^st Benefits Using Corrugated Designs” was granted (NAG-M936); two NASA Faculty Awards were 
^ted in January, 1999 (NAG-3-2249) and in January. 2000 (NAG-3-2422), A CRDF Award #RE2-136 (1996-99) 

Sergey A. Chernyshov, to 

?Rr^ ^ have been granted. A new CRDF one-year grant for joint research between NASA 

2^ University-Institute of Mechanics at the Moscow State University (Russia) was awarded in March, 

5) Interaction with other institutions: At the present time, the FM&AL interacts with several US and foreign 
institutions, arid condurts joint research projects or exchanges by consultations with some of them. The m^n 
in^tutions and appropriate scientists, employees of these institutions, are: NASA Ungley Research Center Drs 
^s M. Bushnelk J^ W. Posey, Lucio Maestrello. Douglas M. Nark, Christopher L. Romsey, Mrs: Charles R. 

f Gr^dle, et al.; NASA Glenn Research Center, Drs: Isaiah M Blankson 

Rob^ C. Hendnc^, Gngory Adamovsky, et al.; Mississippi State University, Drs: John M. Seiner, Michael K 
Pomon, S, Ukeiley et al.; North Carolina A&T State University, NASA Center for Aerospace Research, Dr, 
redenck Ferguson et al., Toronto SUte University, Canada, Aerospace Center, Dr. Alexander L. Gonor et al in 
Russia; Moscow State University (Academicians: Gorimir G. Chemyi, Vladimir A. Levin, Alexander I. Zubkov 
Samvel S. ^goryan, Drs: Alexander I. Shvets, Valery G. Gromov, Vladimir I. Sakharov, et al ). Central 
AeroHydrodynamics Institute, TsAGI, Moscow, Drs: Vladimir M. Kouznetsov, Victor F, Kopiev Sergey A 

Ch^yi^v, Bons MEfimtsov, rt al.); Central Institute of Aviation Motors, TsIAH Drs: Alexander’ N. IGayko 
Nataha I. Tellyaeva, Vladimir A. Vinogradov, et al. . 

6) Laboratory improvement: 

foundation for the FM&AL at Hampton University has been established, i e good 
^im for theoretical and expenmental research. The FM&AL's headquarters is located in room #503 in the Olin 
Bldg. Four computers with necessary supporting equipment are installed in the office: three SGI Indigo-2 connected 

r /P ’ Computer connected with a Canon C5500 

rax/Pnnter/Scanner/Copier, All computers have access to the HU network and to the NASA GRC and LaRC 

^ Tek^onix Phaser 850 color printer is connected with all computers through Internet as 
well. All SGI computers are provided with modem software such as F90 compilers and TECPLOT-8 of the AMTEC 
Inc. for visualization ^ representation of numerical results. The FM&AL computer lab will extend its capacities by 
purchasing several additional software packages and supplies using the current grant and some additional HU funds 
J (HU/LSWT) has been installed in the Experimental HaU, (room 

'?•, xf* o ‘’y “ small-scale working model of the large 

^ mm HU/LSWT is for experimental aerodynamic problem investigatioi. 

owever, the HU/LSWT will be employed for aeroacoustic testing as well. Thus, the original HU/LSWT construction 
was change^ m a^rdance wth the s^e of the Experimental HaU and with the purpose of noise reduction from the fan 
^or and for reduction of the vibration influence of this motor on the main portion of the wind tunnel with the test 

7) Theory and Numerical Simulations: Analytical theory, numerical simulation, comparison of theoretical with 
experimentd r^ks, and modification of theoretical approaches, models, grids etc. have been conducted for several 

8) Expenrnental Tests: Experimental acoustic tests have been conducted for different Bluebell nozzle designs and 
nozri^ ha^ng SCT^dnver or Axisymmetric Plug and Permeable SheUs in the smaU and large anechoic facilities at the 
NAbA LaRC and TsAGI, Moscow. A small scale model of the NASA Low Speed Wind Tunnel (LSWT) has been 
mstalkd in the Expenmental Hall of the HU FM&AL (June, 1999). Preliminary preparations for experimental tests 
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9) Teaching and Training: Four lecture courses were conducted for graduate students of the Mathematics and 
Computer Science Departments in the field of Fluid Mechanics and Acoustics, and eight supported courses were 
wnducted for underpaduate students of the Engineering and Technology School in the field of multi-phase flows. 
Three students were involved in the experimental work for wind tunnel installation and test preparation. 

10) Students Research Activity: In accordance with the HU-NASA LaRC agreement. 25% of this grant’s fimds were 
transferred to the NASA LaRC for direct educational goals at the center. Simultaneously, FM&AL were not permitted 
to involve HU’s students in research project fulfillment using this grant’s fimds. Nevertheless, 8 graduate and 
undergraduate students were involved in this project with funding ft^om other supporting grants, NAG-1 -1936, and 


1 1) Financial Distribution: The total amount of the FAR Award, S225K, was spent uniformly during the 3 years, and 
-40% provided salaries for ^e main researchers involved in this project’s fulfillment; Drs: M. Gilinsky, D M. Nark, 
F.P. Kozusko, and J.C. Hardin. About $4.5K was spent for travel, and $2K for equipment purchases. 
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APPENDIX 


SOME DETAILS OF RESEARCH RESULTS 

f) Comigated Nozzle Designs 

Based on ^ s*ii<#es conducted by Drs. M. Gifinsicy and J.M. Seiner at the NASA LaRC durina 1993-96 a new method 

Mto xWe'Cw note reduction. TOs^lS 

o^t. m«te,«o tete dooi,™ „ dotete* te dptedi cPteitetet, ot's; 

Tj«i 

cr<^ of ^ clianges sinusoidally versus azimuih angle wUh variation in amplitude^ The 

"er?a1rnet^'«^“um ?n"^gu”4“tXeSir^^^^ 

which fofiTi into riig shaped rnnong layers at Ihe boundary of tvvoflovvs, hot enghe Jet exhaust and arnl^ airflow.^ 

nozzles have shown some acoustic and thrust 

rsssTp si^s'oS.'^ 

^ovKie an acoustic benefit up to 4dB with -1 ^ thrust augmentation. This effect was explahed as beino the result of itw* 
design producing more efficient mixing of the exhausted jet with ambient air. (see [1,5] for^talls). ^ corrugated 

Many typical examples of numerical simulalion results were «ustrated in the papers f1 51 These simulations inciudeH a wid» infon/ai » 

IS^ coefficionte, their frequencies, exit Mach numbers^d ba Jne 
zzie vanaoon. in me last case, we exammed conical and optmal axisymmetnc nozzles, which DfovkJed maximum thrust for ih* iiv»d 

pres«^as*toe rlfo RTh!f ' concerning thrust optimization were conducted for exhaust Mach number M.-1 5 and 

presented as the ratio of the Bluebel nozzie relative to the baseline nozzle thrust vs nozzle geometric parameters. 

co^ wre used to examine accuracy of numerical resulls. The first is based on the “viscous- 
approbation was used for definition of the ‘extern^ invfscid flow outside a thin boundaiy^^ 
^ convergent portion of the nozzle were conducted by an upw^ 

T K j scheme (ENO-verswn) for solution of the ftJ unsteady Navier-Stokes equations as incorDorated in toe ClS^ 

supe^ic flw into the divergent portion was simulated by toe more economical and wefrtoi^ fast 2D and 3D 
Kra)*<^odunov marching schemes. In toe 2D boundary layer, the Patankar-Spaldtog algorithm Sice toe Marto 

^b« can <^'TSe ^cantly along toe exit ftp One. On one hand, lateral flow rertoces preSSTat toe wall S w t^^Shandl^ 
also re^^ toe ’effective- boundary layer thickness. In addition, recently, toe more effedive NASA nSnrS^T has 

Of full Euler codes. Grid preparation and optimization are 
numerical simulations, to common, confirmed our conclusion about posstole 
thrust benefits using the Bluebell nozzle design by comparison with the baseline round nozzle. possmie 

L® *7*^*"* Bkiebel N^ acoustic characteristics, a Chisel nozzle was proposed and analyzed. An example of 
simlar Id itfrf contour is a piecewise function. The general idea of tots de^ is 

^ *® '"T ® of a swM flow downstream with minimal thrust loss, and to ^me 

^ T *® s«=h a toree^mensional nozzle. A gas flowing along a 

pro^w a^ger thrust if corrugation convexities are contracted to the nozzle exit fas in the case of an aerofoil w a 

to S a?tL^ '1^ Increases (decreases) downstream from zero (maximum) at toe throat 

SvffieTto ^ ^ ® bw expanded flows near the nozzle wal flow kito two neighboirtig 


corrugations, like a BkiebeO nozzie. Therefore, sharp edqes of a Chisel nozzle’s cavities and 
b^aiotiea smrwtoed, for example, by substitulion of toe cSscontinuous periodk function by the first terms of its Fourier series or 

vari^^rfhS^ ® corresponrfing parabofic fanction. This curve is characterized by^ 

vanation ampIHude coeffident and has a point of inflection. It also makes possible other deoendendes Lastly it is vit<>rfM£Hnn tn 

a ronvexity in form of a “reverse V-shaped vwng’ with triangular cross section contour. Geometric parameter variations chanoe thrust 

“’® ^ optimization of these geometric parameters 

wm^l^, which will precede acoustic and aerodynamic experimental tests. For description of Chisel nozzte^etry h detail, seT^e 
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» •». . ™««o, h,„ „ 


S '■‘* with the usual conical (wedgc^sha^jJd) 

?^-";°i« I* ^ •p~«v^ •» «x»f 

SjlgSL^3.~ 

1^®™* ‘^" provide ttirust benefits not only for divergent nozzle portions but. also, for inlets of an air- 

^ correspondeig streamfines are shown for the 2D Teteswe ^t wift tte 
forebody. This design provides a forebody drag recfocbon of 25%. ewscope net wim me wedged 

«««« M Ih., =« n™ 

rrsjSL"s;r^^ 
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1.5 Scraw^nver C«ntert>ody (phig). A screwdriver body shape belongs to a famly of surfeces formed by rectikiear intervals ioWno 
*1° differ^closed c^es in space. A screwdriver body uses a circle as an initi^^e and one or Mverll 
Usually, these intervals are symmetricaly located relative to a body's axis of symmetry 

® convergent nozzle 1 contains a cylindrical cent^od/and 
® swewdnver shape. There are several geoitreWc parameters wrfiich define the centerbody- 
^ ^ “syn’metric centerbody with conical or optimal contour in a meridi^l 

plane can be taken as a basekne centerbody for comparison and for definition of screwdriver centerbody efficiency. 

sy^'^etrical flow regions occur between two neighbourmg petab.Threedimensional flows 
kH^ symmetry Ine. These fdtr anti-symmelric swifts meet each other after this point at some angle 
dov(TOtreafTv This enhances mixmg of the jet exhaust with ambient air and can cause jet n^ reduction Thb 
also favors flow stag^ at the local symmetry ine which increases pressure on the lateral surface of the 
^ ^ produces a thinner boundary layer than the usual axisymmetric flow. As a result, we 

i thrust low ^ si some cases, even thrust augmentation through screwdriver centerbody appication fay 
comparison with a baseftne conical centerbody. / kk uj 

some its modifications was granted. This design was compared vrith the baseline axisymmetric 
‘*®**|^ ^ Both designs were tested experimentaiy and numertcaK 

*» anechoic chamber of the TsAGI, Moscow. 3D numerical simiflalions of the gas flov^Sde 

^ wwe conducted at Hampton University using the NASA CFL3D numerical code based on L fiJ Navier- 
f several tur^ence models. The mah results of this research were presented in the report [3]. The conclusion is- 
AW*^i ^"If*^^*** appication, it is necessary to move the corrugated portion of the plug 

reaized in the tests that were conducted and wifl be addressed »i hSire 
even in these norvoplimal condHions. the SCR nozzle produces almost the same noise as 
a baseline nozzle having similar aeroperformance as weH as some constructive a^antage. 

^ ® ^ ^ appication of biear surfaces. Such a nozzle is a 2D analogue 

™ ^ such a construction is shown in Figure 1 1 . The nozzle conta^ 

!! fi”* elenients can be multiply repeated. This forms a celular nozzle. As in the previous case of an 

mo^m^ flow, two ant^metnc s\^ form at the lower straight ines of two neighbouring -Yavinea-. These ravines meet each 
Other at tne edge on the verbcal interval. Two crossing swirl flows create large vorticity downstream. 

* cor^ted c^erbody based on Chisel shaped design. Such a nozzle with 8-petal Chisel centerbody 
B^tr^ed m Figure 12. Iti this case, the convexity (cavity) height is changed as a parabola, Hs value is nuH in the boundary points, i.e. at 
the throat cross section and at the end of centerbody. and its maximum vakie is reached at the average posit of this interval. 

J'*MrS?**“* Nozzles ^Shells. This concept was proposed by Dr. M. Glinsky for jet noise reduction, described in two proposals 
for I^SA Pf<^aiTO, and nve^ated jointly with the Russian team under cument and CRDF grants. The main results were pre^nted 
^e papw [4]. Sev^l simple experimental tests of a spraying system were conducted at Ihe NASA LaRC. One such system is 
^ have shown appreciable jet noise reduction when an addHional cyfindrical permeable shell was 
^ployed at the noz^ exit. Based on these results, additional acoustic tests were conducted in the TsAGI anechoic chamber AK-2 
(Figwes 16 ai^ 17). These te^ examined the influence of permeable shels on ttie noise from a supersonic jet exhausting from a 
roun^^ ^^ned for ewt Mach number, M,=2.0, with conical and Screwifriver-shaped centerborfies. The results show significant 
aoo*^ benefib of per^able shrf appScabon, espedafly for overexpanded jets by comparison with impermeable shel appScations. 
The noise r^cbon in the overall pressure level obtained was up to 5-8%. Numerical simulations of a jet flow exhausting from a 
Mnvergem-diver^nt nozzle designed for exit Mach number, M.«2.0, wlh permeable and impenneable shells were conducted at 
^mpton University. Two numencal codes were used. The first is the NASA LaRC CFL3D code for accurate calculation of jet mean 
on the b^ of a U Navier-Stokes solver (NSE). The second is the numerical code based on Tam's method for 
turbulert mixhg noise (TMN) Miculation. Numerical and experimental results are in good i^iaWative agreement. Mach contour 

simUabon resulls for imp^eable (K.-0) and permeable (Kp-0.2) nozzles with two nozzle pressure 
bo^Nf^=6.31 and 9.47 r^ecbvely, are illustrated in Figure 18. This comparison shows essential weakening of internal barrel 
shocks n the underexpanded jet due to the permeabiflty of the shel. 

JiLil!!!!?, ®®"®?®®® research of corrugated nozzle designs is: It is necessary to develop new general 

aimulatiOT approaches for the general study of the nlkjence of surface boundary corrugation characteristics on the 
flow structure (twtulence regime and level, vortices, mixmg etc.) and level and dfrectivily of the noise proAjced. 

5. MOBIUS STRIP CONCEPT 

A roncept for improvi^ the working efficiency of propellers and screws was proposed in the invention cfisclosure of Drs- M Gilinskv 
and J. M. S^r in 1993 and patent application was sent to NASA in 1996 (1 1j. NASA Technical Briefs has published the note Rl 
which presents a short descnption of this invention. ^ 

3.1 Mobius Strip shapes. The concept is based on the Mobius strip-one-side surfaces. There are several embodiments 

shapes. Each^ them can be optimal for different applications in different surrounding media. In short, in this and the next 
TOctw we VW0 des<^ ^ Idea of the Invention and first positive experimental results. For detafls, one can see the hvention 
descnpbon [11], note (4|. and paper [2]. 
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C Jl^SjJh "* " ^ '^" j°^9 •"* to obtain a smooth suface This design 

working efficiency. Several possible modifications are shown in Figure 19a Mobius desian scr^wuc arA h /i* 

contour in a meridional plane. ^ design screws are based on the super-elliptic 


« (, .) ,0 p«*«. 

r. ^^Lsr.rsrsr’ 

AppS? S^^K) Shfctafcli "'t'*®' p'«»URCJNT»kI T«linok>sy 


III. Computer System and Low Speed Wind Turaiel at the HU/FMftAL 

and r ^ ^ ®®' computers are provided by the modem software such as F90 compilefs 

itrSJiriT’.i '2112^^ “ ‘^" '" “” Ew«»p««l H* (^pp «24) h Ih. oim BWj A 

speed in a jet can to sections have the same areas equal On feet) of fl.2SxO.25. Note, that Ift^s 

mmMr^mmrn 

will serve for automatic processing data of experimental test results obtained in the Low Speed Wrnd T^SI^HuTlS^’. ^ 
studtos such as. jet flows, flows around bodies and arfote, boundary layers, vortices, turbulence, methods of^lizaLi ^ 



9 


measurement in wind tunnete and other appications. Several computer-based modules wi be prepared usng the HUA.SWT with the 
UNIX and Microsoft based computer systems. For example; 1) Boundary layer development at a plate, cylinder, and sphere; 

2) Structure of round and 2D jet flow and its mixing wWi surroundmg air; 3) Separation flows in cavities, behind bodies and airfbfe; ar^ 
4 ) Body and airfoil drag and its measurement. Besides the above described classical problems, HU students wiB be involved in 
experimental tests of the cun^errt and Mure research projects which are behg condu^ under NASA and CRDF ^nts. In particuiar, 
Mobius-shaped propeBers and screws, body drag reduction by cavifies, inlet optimization, etc. 

IV. INTERACTION WITH OTHER INSTITUTIONS 

At the present lime, the FM4AL interacts with several US and foreign insttulions, and conducts joW research projects or exchanges by 
consultations with some of Hs. The main institutions and appropriate sdenlists, employees of these kistitutiotts, are; NASA Langley 
Researdi Center, Drs: Dennis M. BushneB, Joe W. Posey, Ludo Maestrelo, Douglas M. Nark, Christopher L. Romsey, Mrs; Charles 
R. McCinton, David E. Reubush, Robert Grandle, et al.; NASA Glenn Research Center, Drs: Isaiah M. Biankson, Robert C. Hendricks, 
Grigory Adamovsky, et al.; Mississippi State University, Drs; John M. Seiner, liAchael K. Portion, Larry S. Ukeiley et al.. North CaroBrta 
A4T State University, NASA Center for Aerospace Research. Dr. Frederick Fer^Bon et al., Toronto ^e University. Canada, 
Aerospace Center, Dr. Alexander L. Gonor et al.; in Russia; Moscow State University (Academicians: Gorimir G. Chemyi, Vladmir A. 
Levin, Alexatxier I. Zubkov, Samvel S. Grigot^n, Drs; Alexander I. Shvets, Valery G. Gromov, Vladmir I. Sakharov, et al.). Central 
AeroHydrodynamics Institute, TsAGi, Moscow, Drs: Vladimir M. Kouznetsov, Victor F. Kopiev, Sergey A. Chernyshov, Boris M. 
Efimtsov, et al.); Central fosiitute of Aviation Motors, TsIAM, Drs; Alexander N. Krayko, NataBa I. Teflyaeva, Vladimir A. Vinogradov, et 
al. 

In Figure 26 several participants of the Workshop/Seminar “NASA Langley Research Center-Hampton University Partnership in Fluid 
Mechanics and Acoustics’ on May 15-16, 1997, at Hampton Universily are shown. 12 reports were presented at this semhar by the 
leadfog scientists and professors from NASA LaRC, Hampton University and TsAGI, inckiding; a) Drs; Dennis M. BushneB. John M. 
Seiner, Jay C. Hardin, Kerxieth S. Brentner, Douglas M. Nark, Yuri A. PfcrtnBcov (NASA LaRC), b) Profc; Vtadimr M. Kouznetsov, 
Boris M. Efimtsov, Victor F. Kopiev (TsAGi), Aron S. Ginevsky; c) Profe; Mikhail GBInsky, Abd. G. Miamee, Alkesh Punjabi, Frank P. 
Kozusko, and others. In Figure 27 several par1ic^>anis of US-Rusdan Team members are shown. They were the main researches 
who leaded experimental and theoretical works under the CRDF yant #RE-136. Durwig the visH of the US Team members to Ru^ 
(Dis. M. GInsky arxJ J.M. Seiner), 5 reports have been presented at the Acoustics Seminars in the TsAGi, Moscow, on November 16- 
23,1997. 


V. CONCLUSION 

The current research is focused on the development of the BkiebeB nozzle and Mobhis slip concepts through and 

experimental simulations. The BkiebeB nozzle concept, for which a patent appBcation has been Bed through NASA, can be utBized ^ a 
noise reduction concept for separate flow co-amuiar nozzle in the NASA AST proyam. In this afreet, students were involved n m 
NASA and HU experimental and numerical simulation tests. .Already Boeing, GE Aircrafl Engines and Pratt & Whitney Aircraft and 
other aviation companies have expressed interest in the development of this concept for subsonic cornme^l en^ne technology 
pending a successful outcome of testing and analysis. The application of the research to the future ^ersonic US aircraft engine design 
is also very promising on the basis of the preSmirary positive results of the experimental and numerical simulations. The mam problems, 
as proposed and formulated at the Initiation of the NASA FAR program in 1996, have aR been resolved by FM&AL team members 
during the period of performance reported herein. In particular. In this period, the Fkad Mecharucs and Acoustic Labwatory at Hampton 
University was created and at the present time can be employed to investigate new compBcated problems in Aviation and Aerospace 
Engineering using theoretical, numerical simulation and experimental approaches. 
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CORRUGATED NOZZLES AND PLUGS 






















b) 

Fig.l5 Two spraying devices with permeable and impermeable shells tested at the NASA 
LaRC. a) the shell is the long small tickness pipe; b) the shell is the short large tickness 
pipe. 
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chamber AK-2 at the TsAGI, Moscow. 



Fig-17 Existing CD conical nozzle with the 
mounted in the AK-2 (TsAGI, Moscow). 


Screwdriver centerbody and perforated shell 


NOZZLE WITH IMPERMEABLE AND 
PERMEABLE SHELLS 
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MACH CONTOURS 



Fig.18 Mach contours for the supersonic flows inside the CD nozzle designed for the exit 
Mach number, Me=2.0, and in the exhausting jets for three cases: a) the upper picture- 
impermeable shell (permeability coefficient, Kp^O), overexpanded jet with the nozzle pres- 
sure ratio, NPR=6.31; b) the middle picture-permeable shell with Xp=0.2 and NPR=6.31; 
c) the lower picture-permeable shell with Rj>=0.2, underexpanded jet with NPR=9.47. 



c) 


d) 


e) 

Fig.l9 Mobius-Shaped Screws for Mixers. 

a) Picture of the three pairs of screws tested. The stan- 
dard pair is on the left; b)-Equipment for tests: voltage 
regulator (left), mixer over the small vessel with water, 
plastic particles, and the 1st Mdbius screw pair (cen- 
ter), digital wattmeter (right). c)-The same as in b) 
but with the 2nd Mdbius screw pair. d)-The same as 
in b) but with bigger vessel. e)-The big vessel with the 
1st Mdbius screw pair during the test, f) The screws 
and a standard mixer used in tests. 








Principal Investigator, Dr. Morris H. Morgan, Dr. Mikhail GilinslQ^, and Graduate 
Assistant Patel KaushaL Analysis of numerical results. 




Research Professor, Dr. Mikhail Gilinsky, and Graduate Assistant Gilbert Mosiane. 
Discussion of numerical results based on the CFL3D code, Lab’s INDIGO-2 SGI 
computer and AMTEC’s software TECPLOT. 




Dr. Mikhail Gilinsky and Gilbert Mosiane in the Experimental HalL Preparation of 
experimental test in die Low Speed Wind TunneL 






The US (laRC-HU) and FSU (TsAGI, Moscow, Russia) Team members who participated in I 
the Workshop/Seminar ’’NASA Langley Research Center- Hampton University Partnership | 
in Fluid Mechanics and Acoustics” on May 15 and 16, 1997. ; 


From left to right, Drs.; Boris M. Eflmtsov (TSaGI), Mikhail Gilinsky (HU), Dennis M. j 
Bushnell (NASA LaRC), Victor F. Kopiev (TsAGI), JohnM. Seiner (NASA LaRC), Vladimir | 
M. Kouznetsov (TsAGI), Sergey Yu. Makashov (TsAGI), Fra nk P. Kozusko (HU). 



During meeting at the TsAGI, Moscow on November 16-23, 1997. 


From left to right: Prof. Vladimir M. Kouznetsov (Chief of the TsAGI Acoustic Division), Dr. 
John M. Seiner (Leader of the NASA LaRC Jet Noise Team), Dr. Mikhail Gilinsky (Hampton 
University Research Professor), Anatoly G. Munin (Director of the TsAGI/Moscow Branch). 




